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(57) ABSTRACT

In an image forming device, a process cartridge is detachably
insertable in a process frame. The developing coupling is
provided in the one end of the developing unit for transmitting
an external rotation force to the developing unit. The devel-
oping coupling has: a rotation axis; and a drum shutter to be
pivotally moved between a first position at which the drum
shutter covers the photosensitive drum and a second position
at which the drum shutter does not cover the photosensitive
drum. A shutter portion covering the part of the photosensi-
tive drum at the first position. The shutter portion is in direct
confrontation with the developing unit at the second position.
When the process cartridge is inserted in the process frame,
the drum shutter is positioned at the second position whereas
when the process cartridge is not inserted in the process
frame, the drum shutter is positioned at the first position.
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PROCESS CARTRIDGE AND IMAGE
FORMING DEVICE HAVING THE PROCESS
CARTRIDGE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 13/734,215, filed Jan. 4, 2013, which is a continuation of
U.S. application Ser. No. 12/549,647, filed Aug. 28, 2009,
which issued Jan. 29, 2013 as U.S. Pat. No. 8,364,058, which
claims priority from Japanese Patent Application No. 2008-
220076 filed Aug. 28, 2008. The entire content of each of
these priory applications is incorporated herein by reference.

TECHNICAL FIELD

The invention relates to an image forming device, such as
a color laser printer, and process cartridges mounted in the
image-forming device.

BACKGROUND

Atandem-type color laser printer is well known in the art as
an electrophotographic color laser printer having four photo-
sensitive drums to correspond with four colors of toner;
namely, yellow, magenta, cyan, and black. One example of
such electrophotographic color laser printer has a device
body, and an image-carrying-member cartridge that can be
mounted in the device body, and a plurality of image-carrying
members mounted in the cartridge so as to be positioned
relative to each other.

SUMMARY

However, the image-carrying-member cartridge in the
color image-forming device described above does not have
parts for protecting the image-carrying members. Accord-
ingly, the image-carrying members are always in an exposed
state when removed from the image-carrying-member car-
tridge. Consequently, there is potential for the exposed
image-carrying members to contact peripheral objects and
become damaged when removed from the cartridge.

In view of the foregoing, it is an object of the invention to
provide an image forming device capable of protecting pho-
tosensitive drums when process cartridges accommodating
the photosensitive drums are removed from the image form-
ing device. It is another object of the invention to provide
process cartridges that are mounted in the image-forming
device.

In order to attain the above and other objects, the invention
provides an image forming device. The image forming device
includes a main frame, a process frame, a process cartridge,
and a developing coupling. The process frame is configured to
be inserted into or pulled out of the main frame. The process
cartridge is detachably insertable in the process frame. The
process cartridge includes: a photosensitive drum having a
first rotation axis extending in an axial direction; and a devel-
oping unit disposed adjacent to the photosensitive drum and
having one end and another end with respect to the axial
direction. The developing coupling is provided in the one end
of the developing unit for transmitting an external rotation
force to the developing unit. The developing coupling has: a
second rotation axis extending in a direction parallel to the
axial direction; and a drum shutter configured to be pivotally
moved about a third rotation axis between a first position at
which the drum shutter covers the photosensitive drum and a
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2

second position at which the drum shutter does not cover the
photosensitive drum. The drum shutter includes a shutter
portion covering the part of the photosensitive drum at the
first position. The shutter portion is in direct confrontation
with the developing unit at the second position. When the
process cartridge is inserted in the process frame, the drum
shutter is positioned at the second position whereas when the
process cartridge is not inserted in the process frame, the
drum shutter is positioned at the first position.

According to another aspect, the invention provides a pro-
cess cartridge. The process cartridge includes a photosensi-
tive drum, a developing unit, a developing coupling, and a
drum shutter. The photosensitive drum is rotatable about a
first rotation axis extending in an axial direction. The pair of
side plates opposes each other at an interval and rotatably
supporting the photosensitive drum therebetween. The devel-
oping unit has one end and another end with respect to the
axial direction and is supported between the pair of the side
plates. The developing coupling is provided in the one end of
the developing unit for transmitting an external rotation force
to the developing unit. The developing coupling has a second
rotation axis extending in a direction parallel to the axial
direction. The drum shutter is disposed between the pair of the
side plates and pivotally movable about a third rotation axis
between a first position at which the drum shutter covers the
photosensitive drum and a second position at which the drum
shutter does not cover the photosensitive drum. The drum
shutter includes a shutter portion covering the part of the
photosensitive drum at the first position. The drum shutter is
in direct confrontation with the developing unit at the second
position. When the process cartridge is inserted in the process
frame, the drum shutter is positioned at the second position
whereas when the process cartridge is not inserted in the
process frame, the drum shutter is positioned at the first
position.

According to another aspect, the invention provides an
image forming device. The image forming device includes a
main frame, a process frame, a plurality of process cartridges,
and a developing coupling. The process frame is configured to
be inserted into or pulled out of the main frame. The plurality
of process cartridges is detachably insertable in the process
frame. Each of the plurality of process cartridges includes: a
photosensitive drum having a first rotation axis extending in
an axial direction; and a developing unit disposed adjacent to
the photosensitive drum and having one end and another end
with respect to the axial direction. The developing coupling is
provided in the one end of the developing unit for transmitting
an external rotation force to the developing unit. The devel-
oping coupling has a second rotation axis extending in a
direction parallel to the axial direction. The drum shutter is
configured to be pivotally moved about a third rotation axis
between a first position at which the drum shutter covers the
photosensitive drum and a second position at which the drum
shutter does not cover the photosensitive drum. The drum
shutter includes a shutter portion covering the part of the
photosensitive drum at the first position. The shutter portion is
in direct confrontation with the developing unit at the second
position. When each of the plurality of process cartridges is
inserted in the process frame, the drum shutter of the each of
the plurality of process cartridges is positioned at the second
position whereas when each of the plurality of process car-
tridges is not inserted in the process frame, the drum shutter of
the each of the plurality of process cartridges is positioned at
the first position.
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BRIEF DESCRIPTION OF THE DRAWINGS

The particular features and advantages of the invention as
well as other objects will become apparent from the following
description taken in connection with the accompanying draw-
ings, in which;

FIG. 1 is a side cross-sectional view of a color laser printer
according to an embodiment;

FIG. 2 is a perspective view of one of process cartridges
shown in FIG. 1;

FIG. 3 is a front view of the process cartridge;

FIG. 4 is a perspective view of a shutter shown in FIG. 3;

FIG. 5(a) is an explanatory diagram showing the process
cartridge when the shutter is in a closed position;

FIG. 5(b) is an explanatory diagram showing the process
cartridge when the shutter is in an open position;

FIG. 6(a) is an explanatory diagram showing the shutter in
the closed position and an operating unit contacting a posi-
tioning plate;

FIG. 6(b) is an explanatory diagram showing the shutter
being moved from the closed position to the open position by
pivoting the operating units; and

FIG. 6(c) is an explanatory diagram showing the shutter in
the open position with the engaging part fitted in a positioning
groove.

DETAILED DESCRIPTION

1. Overall Structure of a Color Laser Printer

FIG. 1 is a side cross-sectional view of a color laser printer
1 serving as an embodiment of the image-forming device
according to the invention. The color laser printer 1 is a
horizontal tandem-type color laser printer that includes a
main casing 2 as the body of the printer and, within the main
casing 2, a feeding unit 3 for supplying sheets of a paper P to
be printed, and an image-forming unit 4 for forming images
on the sheets of paper P supplied from the feeding unit 3.
(1) Main Casing

The main casing 2 has a box shape that is substantially
rectangular in a side view. The image-forming unit 4 is
accommodated in the main casing 2. A front cover 5 is pro-
vided on one side wall of the main casing 2 for exposing the
inside of the main casing 2 in order to mount or remove a
process frame 12 described later.

In the following description, the side of the color laser
printer 1 on which the front cover 5 is provided will be
referred to as the front side, and the opposite side as the rear
side. The left and right sides of the color laser printer 1 will be
based on a user’s perspective when viewing the color laser
printer 1 from the front. Hence, the near side of the color laser
printer 1 in FIG. 1 is the right side, and the far side is the left
side.

(2) Feeding Unit

The feeding unit 3 includes a paper tray 6 for accommo-
dating sheets of the paper P. The paper tray 6 is detachably
mounted in the bottom section of the main casing 2. A feeding
roller 7 is disposed above the front end of the paper tray 6 for
feeding sheets of paper P from the paper tray 6 to the image-
forming unit 4 along a U-shaped feeding path (not shown).

The feeding roller 7 rotates to feed sheets of paper P
accommodated in the paper tray 6 onto the feeding path one
sheet at a time. The sheets of paper P are subsequently con-
veyed from the feeding path to the image-forming unit 4 so as
to pass between four photosensitive drums 18 and a convey-
ing belt 27 described later.
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4
(3) Image-Forming Unit

The image-forming unit 4 includes a scanning unit 8, a
process unit 9, a transfer unit 10, and a fixing unit 11.

(3-1) Scanning Unit

The scanning unit 8 is disposed above the main casing 2.
The scanning unit 8 irradiates laser beams (dotted lines in
FIG. 1) toward the four photosensitive drums 18 based on
image data to expose the surfaces of the corresponding pho-
tosensitive drums 18.

(3-2) Process Unit

The process unit 9 is disposed below the scanning unit 8
and above the feeding unit 3. The process unit 9 includes the
single process frame 12, and four process cartridges 13 cor-
responding to the four printing colors.

The process frame 12 can be inserted into or pulled out of
the main casing 2 in the front-to-rear direction. The process
cartridges 13 are detachably mounted in the process frame 12
in a juxtaposed arrangement in the front-to-rear direction.
More specifically, the process cartridges 13 include a black
process cartridge 13K, a yellow process cartridge 13Y, a
magenta process cartridge 13M, and a cyan process cartridge
13C arranged from the front side to the rear side in the
sequence given.

(3-2-1) Process Cartridges

Each process cartridge 13 is provided with a pair of left and
right side walls 14, and a drum unit 15 and a developer unit 16
supported between the side walls 14. As will be described
later in greater detail, the side walls 14 have a rectangular
shape in a side view and are arranged opposite each other but
separated in the left-to-right direction (see FIG. 2). Each
drum unit 15 is disposed between the corresponding side
walls 14 on the rear side thereof and includes a photosensitive
drum 18, a charging roller 19, a cleaning box 17, and a
cleaning blade 20.

The photosensitive drum 18 is oriented with its axis along
the left-to-right direction and is rotatably supported between
the side walls 14, with the bottom portion exposed.

The charging roller 19 is disposed diagonally above and
rearward of the photosensitive drum 18 and confronts and
contacts the photosensitive drum 18. The charging roller 19 is
also rotatably supported between the side walls 14.

The cleaning box 17 is formed in a box shape extending
vertically and is disposed on the rear side of the photosensi-
tive drum 18 and the charging roller 19. The region of the
cleaning box 17 opposing the photosensitive drum 18 is open.

The cleaning blade 20 is supported to the rear of the pho-
tosensitive drum 18 and contacts the photosensitive drum 18
near the opening formed in the cleaning box 17.

The developer unit 16 is disposed between the side walls 14
at the front side thereof and includes a developer casing 21
and, within the developer casing 21, a supply roller 23, a
developing roller 22, and a thickness-regulating blade 24.

The developer casing 21 is integrally formed of a pair of
left and right side walls 37 (see FIGS. 2 and 3), a toner
chamber partitioning wall 35 (see FIGS. 2 and 3), and a roller
supporting wall 36 (see FIG. 1). The toner chamber partition-
ing wall 35 and the roller supporting wall 36 span between the
side walls 37.

The side walls 37 are disposed on the insides of the side
walls 14 and are separated in the direction in which the side
walls 14 oppose each other (see FIG. 3).

As shown in FIG. 1, the toner chamber partitioning wall 35
includes a front wall extending vertically, a rear wall extend-
ing downward at a forward slope from the upper rear side, and
a top wall linking the top edges of the front and rear walls,
substantially forming a triangular shape in a side view with an
opening in the lower end. Toner for the corresponding color of
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the process cartridge 13 is accommodated in the space
defined by the toner chamber partitioning wall 35.

As shown in FIG. 1, the roller supporting wall 36 is a
lip-like member formed continuously with the lower edge on
the front wall of the toner chamber partitioning wall 35 and
extending rearward so as to be separated vertically from the
lower end on the rear wall of the toner chamber partitioning
wall 35.

Accordingly, the developer casing 21 is formed in a box
shape with an opening on the lower end facing rearward.

The developing roller 22 is disposed in the roller support-
ing wall 36 so as to contact the photosensitive drum 18 and is
exposed from the rear side of the developer casing 21. The
developing roller 22 includes a developing roller shaft 67 that
is covered with a rubber roller. The developing roller shaft 67
is rotatably supported in the side walls 37 (see FIG. 3).

The supply roller 23 is disposed in the roller supporting
wall 36 on the front side of the developing roller 22. The
supply roller 23 includes a supply roller shaft 68 that is
covered with a sponge roller. The supply roller shaft 68 is
rotatably supported in the side walls 37 (see FIG. 3).

The thickness-regulating blade 24 is disposed above the
developing roller 22 and is supported on the rear wall of the
toner chamber partitioning wall 35.

(3-2-2) Developing Operations of the Process Cartridge

Toner accommodated in the space defined by the toner
chamber partitioning wall 35 is supplied onto the supply
roller 23, which in turn supplies toner to the developing roller
22. At the same time, the toner is positively tribocharged
between the supply roller 23 and developing roller 22.

As the developing roller 22 rotates, the thickness-regulat-
ing blade 24 regulates the toner carried on the surface of the
developing roller 22 to a prescribed thickness so that the
developing roller 22 carries a uniform thin layer of toner.

In the meantime, the charging roller 19 applies a uniform
positive charge to the surface of the photosensitive drum 18
while the photosensitive drum 18 rotates. Subsequently, the
scanning unit 8 irradiates a laser beam (see the dotted lines in
FIG. 1) through the gap formed between the cleaning box 17
and developer casing 21 to expose the surface of the photo-
sensitive drum 18 in a high-speed scan. In this way, the
scanning unit 8 forms an electrostatic latent image on the
surface of the photosensitive drum 18 corresponding to an
image to be formed on the paper P.

As the photosensitive drum 18 continues to rotate, the
positively charged toner carried on the surface of the devel-
oping roller 22 is supplied to the electrostatic latent image
formed on the surface of the photosensitive drum 18, thereby
developing the electrostatic latent image into a visible toner
image through reverse development.

After a transfer operation, any toner remaining on the sur-
face of the photosensitive drum 18 is subsequently scraped off
the photosensitive drum 18 by the cleaning blade 20 and
collected in the cleaning box 17.

(3-3) Transfer Unit

The transfer unit 10 is disposed in the main casing 2 above
the feeding unit 3 and below the process unit 9 and extends in
the front-to-rear direction. The transfer unit 10 includes a
drive roller 25, a follow roller 26, the conveying belt 27
mounted over the drive roller 25 and follow roller 26, and four
transfer rollers 28. The conveying belt 27 is an endless belt.

The drive roller 25 and the follow roller 26 are parallel to
each other and separated in the front-to-rear direction. The
conveying belt 27 is mounted around the drive roller 25 and
follow roller 26. The transfer rollers 28 are disposed inside the
conveying belt 27 at positions opposing the photosensitive
drums 18 with the conveying belt 27 interposed therebe-
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tween. Position between the photosensitive drum 18 and the
corresponding transfer roller 28 is referred to as a transfer
position.

The upper portion of the conveying belt 27 moves rearward
for conveying a sheet of paper P supplied from the feeding
unit 3 sequentially through each transfer position between the
photosensitive drums 18 and transfer rollers 28. As the sheet
is conveyed on the conveying belt 27, toner images of each
color carried on the respective photosensitive drums 18 are
sequentially transferred onto the sheet to form a color image.
(3-4) Fixing Unit

The fixing unit 11 is disposed to the rear of the transfer unit
10 and includes a heating roller 29, and a pressure roller 30 in
confrontation with the heating roller 29. After a color image
has been transferred onto the sheet of paper P in the transfer
unit 10, the image is fixed to the sheet by a combination of
heat and pressure as the sheet passes between the heating
roller 29 and the pressure roller 30 in the fixing unit 11.

(4) Discharge Section

After the toner image has been fixed to the paper P, the
sheet is conveyed along a U-shaped discharge path (not
shown) toward a pair of discharge rollers 31 disposed at the
downstream end of the path. The discharge rollers 31 dis-
charge the sheet onto a discharge tray 32 formed on the top
surface of the main casing 2.

2. Detailed Description of the Process Unit
(1) Detailed Description of the Process Cartridges

FIG. 2 isa perspective view of one of the process cartridges
13 shown in FIG. 1. FIG. 3 is a front view of the process
cartridge 13. FIG. 4 is a perspective view of a shutter shown
in FIG. 3. FIG. 5(a) shows the process cartridge 13 when the
shutter is in a closed position, and FIG. 5(b) shows the process
cartridge 13 when the shutter is in an open position.

As shown in FIG. 2, the cleaning box 17 of the process
cartridge 13 is disposed on the rear side between the side
walls 14, while the developer casing 21 is disposed on the
front side between the side walls 14. The cleaning box 17 is
fixed to both side walls 14. As shown in FIGS. 3 and 5(a), on
the right side walls 37, the developer casing 21 includes a
developer coupling 46, and a gear train 47 engaged with the
developer coupling 46.

The developer coupling 46 includes a coupling gear 66, a
coupling joint 65, and a coupling cover 64. The coupling gear
66 is disposed in and rotatably supported by the right side wall
37 at a position substantially in the center thereof with respect
to both the front-to-rear and vertical directions.

The coupling joint 65 is integrally formed with the cou-
pling gear 66 and thus rotates together with the coupling gear
66. The coupling joint 65 is oriented with its axis along the
left-to-right direction and protrudes rightward from the right
side wall 37.

The coupling cover 64 is cylindrical in shape and fits
around the coupling joint 65. The coupling cover 64 protrudes
rightward from the side wall 37 so as to expose the coupling
gear 66.

The gear train 47 includes a developing roller drive gear 49
and a supply roller drive gear 50 that are engaged with the
coupling gear 66.

The developing roller drive gear 49 is fixed to the right end
of the developing roller shaft 67 that protrudes rightward
from the right side wall 37. The supply roller drive gear 50 is
fixed to the right end of the supply roller shaft 68 that pro-
trudes rightward from the right side wall 37.

As will be described later, when the process cartridge 13 is
mounted in the main casing 2, an input-side joint (not shown)
that is capable of advancing or retracting in the left-to-right
direction advances into the coupling joint 65, is connected to
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the coupling joint 65 so as to prevent the input-side joint (not
shown) from rotating relative to the coupling joint 65.

A motor (not shown) is provided in the main casing 2 for
producing a drive force that is transmitted to the input-side
joint (not shown). The drive force transmitted from the motor
is inputted into the coupling joint 65 via this input-side joint
(not shown). At this time, the coupling gear 66 rotates
together with the coupling joint 65. The developing roller
drive gear 49 and the supply roller drive gear 50 that are
engaged with the coupling gear 66 also rotate, thereby driving
the developing roller 22 and supply roller 23 to rotate. The
developer coupling 46 and the gear train 47 transmit an exter-
nal rotation force to the developing roller 22 and the photo-
sensitive drum 18.

As shown in FIG. 3, a protruding support part 81 is pro-
vided on the left side wall 37 of the developer casing 21. The
protruding support part 81 has a columnar shape and a center
axis aligned with the center axis of the coupling joint 65 in the
left-to-right direction. The protruding support part 81 pro-
trudes leftward from the left side wall 37.

The developer coupling 46 (coupling cover 64) penetrates
the right side wall 14 in the left-to-right direction and is
rotatably supported thereby. The protruding support part 81
penetrates the left side wall 14 in the left-to-right direction
and is rotatably supported thereby.

Hence, the developer casing 21 is supported by both side
walls 14 while being separated from each side wall 14 by a
gap in the left-to-right direction. As shown in FIG. 2, the side
walls 14 are disposed outside the conveying belt 27 in a width
direction orthogonal to the moving direction of the conveying
belt 27. The side walls 14 are substantially rectangular in
shape in a side view and arranged parallel to each other while
separated in the left-to-right direction. Hence, when the pro-
cess cartridge 13 is mounted, the photosensitive drum 18 can
be placed in contact with the conveying belt 27 between the
side walls 14.

Foot parts 43 are provided on the bottoms of the side walls
14 and extend lower than the bottom edges of the cleaning box
17 and developer casing 21. The foot parts 43 are rectangular
in shape in a side view and are narrower in the front-to-rear
direction than the upper portions of the side walls 14. The foot
parts 43 are formed by cutting out step parts 44 in the lower
front and rear corners of each side wall 14 so that the inner
bottom surfaces of the step parts 44 are flush with the bottom
surface of the cleaning box 17 in a horizontal plane.

A cutout part 42 is formed in the top front corner of each
side wall 14. The cutout part 42 is cut at a slant that slopes
downward and forward from the top edge of the side wall 14
to the front edge thereof.

A drum coupling 45 is provided on the right side wall 14 for
inputting a drive force from a motor (not shown) to the pho-
tosensitive drum 18 (see FIG. 2).

A shutter 41 is provided between the side walls 14. As
shown in FIG. 4, the shutter 41 includes a cover member 51,
and a pair of left and right support members 52 supporting the
cover member 51.

The cover member 51 is integrally provided with a cover
plate 53, a pivoting shaft 54, and guide rails 55.

The cover plate 53 is plate-shaped and extends in the left-
to-right direction. In a cross-sectional view, the cover plate 53
has a curved shape with a downwardly depressed center.

The pivoting shaft 54 is rod-shaped with a greater left-to-
right length than the left-to-right length of the cover plate 53.
The pivoting shaft 54 is provided on the front edge of the
cover plate 53 and extends in the left-to-right direction. The
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left and right ends of the pivoting shaft 54 protrude farther in
the left and right directions than the left and right edges of the
cover plate 53.

The guide rails 55 are formed on the left and right edges of
the cover plate 53, protruding upward from the top surface of
the cover plate 53. The guide rails 55 are disposed so that their
top edges contact the photosensitive drum 18 at positions on
the left and right outside the region through which a sheet of
paper P passes. Placing the left and right guide rails 55 in
contact with the photosensitive drum 18 prevent the cover
plate 53 from directly contacting the region of the photosen-
sitive drum 18 through which a sheet of paper P passes.

Each support members 52 is integrally provided with a
support part 56, an arm part 57, an operating part 58, and an
engaging part 59.

The support part 56 has an annular shape in a side view. The
right support part 56 has a slightly larger diameter than that of
the coupling cover 64 provided on the developer coupling 46.
The left support part 56 has a slightly larger diameter than that
of the protruding support part 81.

The arm part 57 is formed continuously with the support
part 56 and extends radially outward from the support part 56.
A through-hole is formed in the arm part 57 at the distal end
opposite the support part 56. The ends of the pivoting shatt 54
provided in the cover member 51 are inserted through the
through-holes of the arm parts 57 and are capable of rotating
relative to the arm parts 57. Hence, the arm parts 57 pivotably
support the left and right ends of the cover member 51. From
this configuration, the cover member 51 is suspended from
the support part 56, and the operating part 58 extends from the
support part 56.

Each operating part 58 is formed continuously with the
corresponding support part 56 and extends radially outward
from the support part 56 so as to form an angle of about 120
degrees with the arm part 57. In other words, the relative
positions of the operating part 58 and the arm part 57 are
permanently fixed at an angle of about 120 degrees.

The engaging part 59 is disposed on the free end of the
operating part 58 opposite the support part 56 and has a
columnar shape that protrudes outward in the left or right
direction.

As shown in FIGS. 3 and 4, the right support member 52 fits
over the coupling cover 64 between the right side wall 14 and
the right side wall 37 of the developer unit 16 and is capable
ofrotating relative to the coupling cover 64. Similarly, the left
support member 52 is fitted over the protruding support part
81 between the left side wall 14 and the left side wall 37 of the
developer unit 16 and is capable of rotating relative to the
protruding support part 81. Accordingly, the shutter 41 is
supported on the developer casing 21 so as to be capable of
pivoting about the center axes of the developer coupling 46
and the protruding support part 81 (i.e., the rotational center
of the coupling joint 65).

With this construction, the support part 56, the arm part 57,
and the operating part 58 of the left support member 52 are
disposed between the left side wall 14 and the left side wall 37
of the developer unit 16. Similarly, the support part 56, the
arm part 57, and the operating part 58 of the right support
member 52 are disposed between the right side wall 14 and
the gear train 47 provided on the right side wall 37 of the
developer unit 16. That is, the arm parts 57 of the shutter 41
support both left and right ends of the cover member 51 and
are coupled with one of the developer coupling 46 and the
protruding support part 81. The arm parts 57 are disposed
between each of the side walls 14 and the developer unit 16
with respect to the axial direction of the photosensitive drum
18 (left-to-right direction). Hence, the space between the side
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walls 14 and the developer unit 16 can be used to dispose the
arm parts 57, without having to provide additional space in
the process cartridge 13. As a result, the shutter 41 is com-
pactly provided in the process cartridge 13.

The shutter 41 also includes a pair of left and right first
torsion springs 61, and a pair of left and right second torsion
springs 62. As shown in FIG. 4, each first torsion spring 61 is
wound around the pivoting shaft 54 of the cover member 51,
and has one end engaged with the arm part 57 of the support
member 52 and the other end engaged with the cover plate 53
of'the cover member 51. Through the urging force of the first
torsion springs 61, the cover member 51 is constantly urged in
a counterclockwise direction when viewed from the right
about the pivoting shaft 54.

The second torsion springs 62 are respectively wound
about the protruding support part 81 and the developer cou-
pling 46, and have one end engaged with the operating part 58
of'the support member 52 and the other end engaged with the
side wall 14. Through the urging force of the second torsion
springs 62, the shutter 41 is constantly urged in a counter-
clockwise direction when viewed from the right about the
rotational center of the coupling joint 65.

The shutter 41 moves between the closed position shown in
FIG. 5(a) for covering the photosensitive drum 18 and the
open position shown in FIG. 5(b) for exposing the photosen-
sitive drum 18 by pivoting about the rotational center of the
coupling joint 65.

Since the shutter 41 pivots about the rotational center of the
coupling joint 65, this configuration prevents the shutter 41
from interfering with the drive force inputted into the devel-
oper unit 16, even while the shutter 41 moves from the closed
position to the open position. As a result, the shutter 41 can
move from the closed position to the open position without
interfering with the drive force inputted into the developer
unit 16 and can protect the photosensitive drum 18 when
moved into the closed position.

When the shutter 41 is in the closed position shown in FIG.
5(a), the cover member 51 is advanced below the photosen-
sitive drum 18 so that the guide rails 55 contact the photosen-
sitive drum 18 outside the paper-conveying region, thereby
covering the photosensitive drum 18. Further, the bottom
edge of the cover member 51 is positioned above the bottom
edge ofthe side walls 14. In other words, the cover member 51
is accommodated in a region formed by projecting the side
walls 14 in the left-to-right direction. That is, each side walls
14 have the outer major surface extending in a plane perpen-
dicular to the left-to-right direction and the cover member 51
is positioned within a contour of the major surface at the close
position.

The operating parts 58 protrude forward from the front
edges of the side walls 14. In other words, the operating parts
58 project farther forward than the region formed by project-
ing the side walls 14 in the left-to-right direction.

When the shutter 41 is in the open position shown in FIG.
5(b), the cover member 51 is retracted to the space beneath the
developer unit 16, thereby opposing the developer unit 16
vertically and exposing the photosensitive drum 18. In other
words, the cover member 51 is in direct confrontation with the
developing unit 16 at the open position. Hence, the space
below the developer unit 16 can be used for placing the shutter
41 in the open position. As a result, the process cartridge 13
can be made compact when the shutter 41 is in the open
position. Further, the operating parts 58 are rotated such that
the engaging parts 59 are retracted into the cutout parts 42.

Further, when the shutter 41 is in the open position, at least
both of a part of the developing roller 22 and a part of the
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supply roller 23 are encompassed in a region formed by
projecting, in the vertical direction, the cover member 51
toward the developer unit 16.

(2) Detailed Description of the Process Frame

FIGS. 6(a), 6(b) are explanatory diagrams illustrating the
operation for mounting a process cartridge in the process
frame. FIG. 6(a) shows the shutter in the closed position and
the operating unit contacting a positioning plate. FIG. 6(b)
shows the shutter being moved from the closed position to the
open position by pivoting the operating units. FIG. 6(c) shows
the shutter in the open position with the engaging part fitted in
a positioning groove.

The process frame 12 is formed of a hard resin in a frame-
like shape for accommodating the four process cartridges 13.
As shown in FIG. 1, the process frame 12 is integrally pro-
vided with a pair of left and right frame side walls 71 (see F1G.
3), a front beam 72, a rear beam 73, and a plurality of posi-
tioning plates 74.

The frame side walls 71 are arranged parallel to each other
on the left and right sides of the four process cartridges 13 and
extend in the front-to-rear and vertical directions. As shown in
FIG. 6(a), four positioning grooves 75 are formed as cutout
parts in the top edge of each frame side wall 71.

More specifically, the positioning grooves 75 are provided
at positions corresponding to the front ends of the process
cartridges 13 adjacent to the positioning plates 74 when the
process cartridges 13 are mounted in the process frame 12.
That is, each positioning groove 75 is located at the top edge
of each frame side wall 71 and rear side of each positioning
plate 74. The positioning grooves 75 are substantially
U-shaped in a side view and open on the top for receiving the
engaging parts 59 of the shutter 41.

As shown in FIG. 1, the front beam 72 is substantially
U-shaped in a cross-sectional view and extends in the left-to-
right direction, spanning between the front ends of the frame
side walls 71. That is, the front beam 72 has a front wall, a rear
wall and a bottom wall that connects the front wall and the
rear wall.

The rear beam 73 is substantially U-shaped in a cross-
sectional view and extends in the left-to-right direction, span-
ning between the rear ends of the frame side walls 71.

Three of the positioning plates 74 span between the frame
side walls 71 at regular intervals between the front beam 72
and the rear beam 73. The positioning plates 74 extend ver-
tically and in the left-to-right direction, with left and right
edges formed continuously with the frame side walls 71.

With this construction, the space defined by the front beam
72, the rear beam 73, and the pair of left and right frame side
walls 71 is divided by the three positioning plates 74 into four
equal spaces in the front-to-rear direction.

In addition, as shown in FIG. 6(a), protrusions 76 are
provided onboth left and right ends on the bottom edges of the
positioning plates 74. Each protrusion 76 protrudes in the
front and rear directions from the corresponding positioning
plate 74. As shown in FIG. 6(c), the protrusions 76 contact the
step parts 44 of the side walls 14 in the process cartridge 13
and are positioned outside the conveying belt 27 with respect
to the width direction of the conveying belt 27 orthogonal to
the moving direction of the conveying belt 27.

3. Operation for Mounting a Process Cartridge

To mount the process cartridges 13 in the main casing 2,
first the operator pulls the process frame 12 out of the main
casing 2 and mounts the process cartridges 13 in the process
frame 12.

To mount a process cartridge 13 in the process frame 12,
the operator aligns the front and rear edges of the side wall 14
with the front and rear positioning plates 74 (in the cases of
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the black process cartridge 13K and the cyan process car-
tridge 13C, either the front or rear positioning plate 74) above
the process frame 12, as shown in FIG. 6(a), and inserts the
process cartridge 13 downward into the process frame 12.

When inserting the process cartridge 13 (the process car-
tridges 13Y, 13M and 13C), the operating parts 58 contact the
top edge of the positioning plate 74. As the operator pushes
the process cartridge 13 farther down into the process frame
12, the operating parts 58 receive an upward reaction force
from the positioning plate 74 and begins to pivot upward
against the urging force of the second torsion springs 62.
Simultaneously, the arm parts 57 begin to pivot in the forward
direction. Similarly to the process cartridges 13Y, 13M, and
13C, when inserting the process cartridge 13K, the operating
part 58 contacts the top edge of the rear wall of the front beam
72.

As a result, the cover member 51 is pulled in the forward
direction and begins to move from a position beneath the
photosensitive drum 18 to a position beneath the developer
unit 16. As the cover member 51 moves in this way, the guide
rails 55 slide along the peripheral surface of the photosensi-
tive drum 18 through the urging force of the first torsion
springs 61.

Subsequently when the operator continues to insert the
process cartridge 13, as shown in FIG. 6(5), the cover member
51 separates from the photosensitive drum 18, leaving the
photosensitive drum 18 exposed.

In other words, the support part 56 is pivotally movable
about the rotation center of the coupling joint 65 to provide
pivotal movement of the cover member 51 and pivotal move-
ment of the operating part 58 about the rotation center of the
coupling joint 65. The operating part 58 is pivotally movable
to an upstream side in the inserting direction after the abut-
ment of the operating part 58 onto the process frame 12 for
moving the cover member 51 toward the open position.

Further, when the operator continues to insert the process
cartridge 13, as shown in FIG. 6(c), the engaging parts 59
engage in the positioning grooves 75, fixing the shutter 41 in
the open position. In other words, the cutout parts 42 accom-
modate the engaging parts 59 when the cover member 51 is
located at the open position to maintain the open position. At
this time, the engaging parts 59 are retracted into the cutout
parts 42. At the same time, the step parts 44 of the process
cartridge 13 contact the protrusions 76 of the process frame
12, restricting further downward movement of the process
cartridge 13. This completes the process to mount the process
cartridge 13 in the process frame 12.

In other words, the operating parts 58 are abuttable on the
process frame 12 during insertion of the process cartridge 13
into the process frame 12, and pivotally movable in accor-
dance with an insertion of the process cartridge 13 into the
process frame 12 in the vertical direction. The shutter 41 is
pivotally movable, in interlocking relation with the pivotal
movement of the operating section, between the closed posi-
tion covering the outer peripheral surface of the photosensi-
tive drum 18 and the open position exposing the outer periph-
eral surface to an atmosphere in accordance with the pivotal
movement of the operating parts 58. The closed position is
provided prior to insertion of the process cartridge 13 into the
process frame 12, and the open position is provided upon
insertion of the process cartridge 13 into the process frame 12.

As aresult, the shutter 41 can be kept in the closed position
to protect the photosensitive drum 18 until the process car-
tridge 13 is mounted in the process frame 12. The shutter 41
moves into the open position to expose the photosensitive
drum 18 in association with the operation to mount the pro-
cess cartridge 13 into the process frame 12.
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When the process cartridge is mounted in the process
frame 12, the front surface of the process cartridge 13 con-
fronts the rear surfaces of the positioning plates 74 in the
front-to-rear direction, and the operating parts 58 are posi-
tioned farther rearward (toward the developer unit 16) than
the positioning plate 74. Therefore, the operating parts 58 can
be accommodated in the process frame 12 when viewed ver-
tically. Further, the left and right outer surfaces of the engag-
ing parts 59 are flush with the left and right outer surfaces of
the frame side walls 71 (see FIG. 3). After the process car-
tridges 13 have been mounted in the process frame 12, the
operator pushes the process frame 12 rearward into the main
casing 2 until the process frame 12 is in its originally mounted
state in the main casing 2. Thus, the operation for mounting
the process cartridges 13 in the main casing 2 is complete.

As shown in FIG. 6(5), when the process cartridge 13 is
mounted downward into the process frame 12, the operating
parts 58 contact the positioning plate 74 of the process frame
12 and pivot upward. That is, the operating parts 58 are
retractable toward the developing unit 16 from the position-
ing plate 74 upon insertion of the process cartridge 13 into the
process frame 12. Accordingly, the positioning plate 74 of the
process frame 12 is used to pivot the operating parts 58 and
move the shutter 41 into the open position. Hence, the shutter
41 can be reliably moved into the open position through a
simple construction.

Hence, the engaging parts 59 are accommodated in the
positioning grooves 75 of the process frame 12 after the
process cartridge 13 is mounted in the process frame 12,
resulting in a more compact construction of the process frame
12 when the process cartridges 13 are mounted therein.

When the process cartridge 13 is mounted in the process
frame 12, the operating parts 58 are disposed farther inward
from the outer surface of the frame side walls 71 with respect
to the axial direction of the photosensitive drum 18 (i.e., the
left-to-right direction). That is, the operating part 58 is posi-
tioned inside of an imaginary space spanning between outer
side surfaces of the pair of frame side walls 71 upon insertion
of the process cartridge 13 into the process frame 12.

Accordingly, the operating parts 58 can be accommodated
in the process frame 12 with respect to the left-to-right direc-
tion, making the process frame 12 more compact both in the
vertical and left-to-right directions when the process car-
tridges 13 are mounted therein.

As illustrated in FIGS. 5(a), 5(b), the process cartridge 13
of'the embodiment is provided with the shutter 41 that moves
between the closed position for covering the photosensitive
drum 18 and the open position for exposing the photosensi-
tive drum 18. Hence, the shutter 41 can cover and protect the
photosensitive drum 18 in the closed position and can expose
the photosensitive drum 18 in the open position.

Further, as illustrated in FIGS. 5(a), 5(b), the shutter 41 is
supported so as to be capable of pivoting about a rotational
center of the coupling joint 65, which transmits a drive force
from a motor (not shown) provided in the main casing 2.

Since the shutter 41 pivots about the rotational center of the
coupling joint 65, this configuration prevents the shutter 41
from interfering with the drive force inputted into the devel-
oper unit 16, even while the shutter 41 moves from the closed
position to the open position. As a result, the shutter 41 can
move from the closed position to the open position without
interfering with the drive force inputted into the developer
unit 16 and can protect the photosensitive drum 18 when
moved into the closed position.
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Further, as shown in FIG. 3, in the process cartridge 13
according to the embodiment, the right arm part 57 passes
between the side wall 14 and the gear train 47 on the right side
of the developer unit 16.

Hence, the space between the side wall 14 and the gear train
47 on the right side of the developer unit 16 can be used to
dispose the arm part 57 without interfering with the drive
force transmitted to the developer coupling 46 and gear train
47. As aresult, the shutter 41 can be compactly provided in the
process cartridge 13 while maintaining freedom in the design
of'the developer unit 16 for the drive force transmission path.

Further, with the process cartridge 13 of the embodiment,
the cover member 51 is accommodated in a region formed by
projecting the side walls 14 in the left-to-right direction when
the shutter 41 is in the closed position shown in FIG. 5(a).

Accordingly, the process cartridge 13 can be made com-
pact when the shutter 41 is in the closed position as well. In
addition, when the process cartridge 13 is removed and
placed on a flat surface, the shutter 41 disposed in the closed
position does not contact the flat surface. Hence, the process
cartridge 13 can be safely placed on a flat surface when the
shutter 41 is in the closed position.

With the process cartridge 13 of the embodiment, the oper-
ating parts 58 protrude out of the region formed by projecting
the side walls 14 in the left-to-right direction. In other words,
each side walls 14 have the outer major surface extending in
aplane perpendicular to the lefi-to-right direction. The part of
the operating part 58 is protruding outward from a contour of
the major surface of the side wall 14 so that the operating part
58 is abuttable on the process frame 12 separate from the
process cartridge 13. Pivotal movement of the operating part
58 causes pivotal movement of the cover member 58 to the
open position in accordance with the abutment.

Accordingly, the operating parts 58 can reliably be oper-
ated from outside the process cartridge 13. Further, when the
process cartridge 13 is mounted in the process frame 12, the
operating parts 58 pivot so that the shutter 41 moves into the
open position. Hence, the operating parts 58 can be pivoted to
move the shutter 41 into the open position in association with
the operation for mounting the process cartridge 13.

As aresult, the operating parts 58 can reliably be pivoted to
move the shutter 41 into the open position in conjunction with
the mounting operation for the process cartridge 13.

With the process cartridge 13 of the embodiment, when the
shutter 41 is in the open position shown in FIG. 5(5), a large
portion of the developing roller 22 and the supply roller 23
falls within the region formed by projecting the cover mem-
ber 51 toward the developer unit 16. As a result, the process
cartridge 13 can be made compact in the front-to-rear direc-
tion.

4. Variations of the Embodiment

While the invention has been described in detail with ref-
erence to the embodiment thereof, it would be apparent to
those skilled in the art that various changes and modifications
may be made therein without departing from the spirit of the
invention.

For example, in the embodiment described above, the
engaging parts 59 are provided on the support members 52
and the positioning grooves 75 are formed in the frame side
walls 71. However, both the engaging parts 59 and the posi-
tioning grooves 75 may be omitted.

In such a case, the free ends of the operating parts 58
opposite the support parts 56 are positioned to remain in
contact with the top ends of the positioning plates 74 to fix the
shutter 41 in the open position when the process cartridge 13
is mounted in the process frame 12.
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In the embodiment described above, the guide rails 55 are
provided on the shutter 41. However, the guide rails 55 may
be provided on the photosensitive drum 18 instead.

In this case, the guide rails 55 are provided on the outer
circumferential surface of the photosensitive drum 18 outside
the region in which a sheet of paper P passes. This construc-
tion can prevent the cover plate 53 from directly contacting
the region of the photosensitive drum 18 through which a
sheet of paper P passes.

What is claimed is:

1. An image forming device comprising:

a main frame;

aprocess frame configured to be inserted into or pulled out

of the main frame; and

a process cartridge detachably insertable in the process

frame and comprising:

aphotosensitive drum having a first rotation axis extend-
ing in an axial direction;

a developing unit disposed adjacent to the photosensi-
tive drum and having one end and another end with
respect to the axial direction;

a developing coupling provided in the one end of the
developing unit for transmitting an external rotation
force to the developing unit, the developing coupling
having a second rotation axis extending in a direction
parallel to the axial direction; and

a drum shutter configured to be pivotally moved about a
third rotation axis between a first position at which the
drum shutter covers the photosensitive drum and a
second position at which the drum shutter does not
cover the photosensitive drum,

wherein the second rotation axis and the third rotation axis

are coaxial with each other.

2. The image forming device as claimed in claim 1,
wherein the drum shutter comprises a shutter portion cover-
ing a part of the photosensitive drum at the first position, the
shutter portion being in direct confrontation with the devel-
oping unit at the second position,

wherein when the process cartridge is inserted in the pro-

cess frame, the drum shutter is positioned at the second

position whereas when the process cartridge is not
inserted in the process frame, the drum shutter is posi-
tioned at the first position.

3. The image forming device as claimed in claim 1,
wherein the process cartridge further comprises a cartridge
body,

wherein the cartridge body comprises a pair of side plates

opposing each other at an interval in the axial direction,
the pair of side plates rotatably supporting the photosen-
sitive drum therebetween and supporting the developing
unit and the drum shutter therebetween, each side plate
having an outer major surface extending in a plane per-
pendicular to the axial direction, a part of an operating
portion protruding outward from a contour of the major
surface,

wherein the process cartridge is detachably insertable in

the process frame in an inserting direction, and

wherein the process frame comprises a positioning plate
extending in the inserting direction, the process car-
tridge contacting the positioning plate when the process
cartridge is inserted into the process frame.

4. The image forming device as claimed in claim 3, further
comprising an endless belt that contacts the photosensitive
drum, each of the pair of side plates being positioned outside
the endless belt with respect to the axial direction.

5. The image forming device as claimed in claim 3,
wherein the process frame further comprises a pair of side
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walls spaced away from each other in the axial direction, the
process cartridge being in confrontation with the pair of side
walls and a positioning plate upon insertion of the process
cartridge into process frame.

6. The image forming device as claimed in claim 1,
wherein the drum shutter further includes an engaging por-
tion; and

wherein the process frame further includes an accommo-
dating portion that accommodates the engaging portion
when the drum shutter is located at the second position to
maintain the second position.

7. The image forming device as claimed in claim 1,
wherein the developing unit includes a developing roller, the
developing coupling provided in the one end of the develop-
ing unit being configured to transmit an external rotation
force to the developing roller.

8. The image forming device as claimed in claim 1,
wherein the drum shutter is configured to contact the photo-
sensitive drum.

9. A process cartridge comprising:

a photosensitive drum rotatable about a first rotation axis

extending in an axial direction;

a pair of side plates opposing each other at an interval and
rotatably supporting the photosensitive drum therebe-
tween;

a developing unit having one end and another end with
respect to the axial direction and supported between the
pair of side plates;

adeveloping coupling provided in the one end of the devel-
oping unit for transmitting an external rotation force to
the developing unit, the developing coupling having a
second rotation axis extending in a direction parallel to
the axial direction; and

a drum shutter disposed between the pair of side plates and
pivotally movable about a third rotation axis between a
first position at which the drum shutter covers the pho-
tosensitive drum and a second position at which the
drum shutter does not cover the photosensitive drum,

wherein the second rotation axis and the third rotation axis
are coaxial with each other.

10. The process cartridge as claimed in claim 9, wherein
the drum shutter comprises a shutter portion covering a part of
the photosensitive drum at the first position, the drum shutter
being in direct confrontation with the developing unit at the
second position,

wherein when the process cartridge is inserted in a process
frame, the drum shutter is positioned at the second posi-
tion whereas when the process cartridge is not inserted
in the process frame, the drum shutter is positioned at the
first position.

11. The process cartridge as claimed in claim 10, wherein
each side plate has an outer major surface extending in a plane
perpendicular to the axial direction; and

wherein the shutter portion is positioned within a contour
of the outer major surface at the first position.

12. The process cartridge as claimed in claim 9, wherein

each of the pair of side plates is spaced away from the devel-
oping unit with respect to the axial direction; and,
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wherein the drum shutter comprises:

a shutter portion covering a part of the photosensitive
drum at the first position; and

an arm pivotally movably supported to the developing
coupling and connected to the shutter portion, the arm
being positioned between the developing unit and one
of the pair of side plates.

13. The process cartridge as claimed in claim 12, further
comprising a power transmission mechanism disposed at the
one end of the developing unit and engaged with the devel-
oping coupling, the arm being positioned between the power
transmission mechanism and one of the pair of side plates
located at the one end of the developing unit.

14. The process cartridge as claimed in claim 9, wherein
the drum shutter comprises a support section pivotally mov-
able about the third rotation axis, a shutter portion suspended
from the support section; and

wherein each side plate has an outer major surface extend-

ing in a plane perpendicular to the axial direction, at least
a portion of the support section protruding out of a
contour of the outer major surface so that the at least a
portion of the support section is abuttable on an external
component separate from the process cartridge, pivotal
movement of the support section causing pivotal move-
ment of the shutter portion to the second position in
accordance with the abutment.

15. The process cartridge as claimed in claim 9, wherein
the developing unit includes a developing roller, the develop-
ing coupling provided in the one end of the developing unit
being configured to transmit an external rotation force to the
developing roller.

16. The process cartridge as claimed in claim 9, wherein
the drum shutter is configured to contact the photosensitive
drum.

17. An image forming device comprising:

a main frame;

aprocess frame configured to be inserted into or pulled out

of the main frame; and

a plurality of process cartridges detachably insertable in

the process frame, each of the plurality of process car-

tridges comprising:

aphotosensitive drum having a first rotation axis extend-
ing in an axial direction;

a developing unit disposed adjacent to the photosensi-
tive drum and having one end and another end with
respect to the axial direction;

a developing coupling provided in the one end of the
developing unit for transmitting an external rotation
force to the developing unit, the developing coupling
having a second rotation axis extending in a direction
parallel to the axial direction; and

a drum shutter configured to be pivotally moved about a
third rotation axis between a first position at which the
drum shutter covers the photosensitive drum and a
second position at which the drum shutter does not
cover the photosensitive drum,

wherein the second rotation axis and the third rotation axis

are coaxial with each other.

#* #* #* #* #*



